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ABSTRACT
Disks in binary systems can cause exotic eclipsing events. MWC 882 (BD-22 4376, EPIC 225300403)
is such a disk-eclipsing system identified from observations during Campaign 11 of the K2 mission.
We propose that MWC 882 is a post-Algol system with a B7 donor star of mass 0.542 ± 0.053M
in a 72 day period orbit around an A0 accreting star of mass 3.24 ± 0.29M. The 59.9 ± 6.2R
disk around the accreting star occults the donor star once every orbit, inducing 19 day long, 7% deep
eclipses identified by K2, and subsequently found in pre-discovery ASAS and ASAS-SN observations.
We coordinated a campaign of photometric and spectroscopic observations for MWC 882 to measure
the dynamical masses of the components and to monitor the system during eclipse. We found the
photometric eclipse to be gray to ≈ 1%. We found the primary star exhibits spectroscopic signatures
of active accretion, and observed gas absorption features from the disk during eclipse. We suggest
MWC 882 initially consisted of a ≈ 3.6M donor star transferring mass via Roche lobe overflow to
a ≈ 2.1M accretor in a ≈ 7 day initial orbit. Through angular momentum conservation, the donor
star is pushed outward during mass transfer to its current orbit of 72 days. The observed state of the
system corresponds with the donor star having left the Red Giant Branch ∼ 0.3 Myr ago, terminating
active mass transfer. The present disk is expected to be short-lived (102 years) without an active
feeding mechanism, presenting a challenge to this model.
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1. INTRODUCTION
Approximately 70% of intermediate mass stars reside
in multi-stellar systems (e.g. Ducheˆne & Kraus 2013; Moe
& Di Stefano 2017), and perhaps only a half of them
can go through life without experiencing the influence of
their partners. Binary stars are important astrophysical
laboratories, where the primordial stars share a common
age, and these are excellent test-beds of binary stellar
evolution, mass-transfer, and accretion processes. The
final states of many binaries are shaped by mass transfer
events during their lifetimes.
Algols are binary stars that experience mass transfer
when the primary star in the primordial binary evolves.
In these binaries (Batten 1989b,a; Peters 2001), the more
massive companion evolves off the main sequence first,
and expands to fill its Roche lobe. Overflowing matter
from the more massive donor star accretes onto the mass-
gaining star (hereafter ‘accretor’), leading to an inverted
mass ratio for the resultant system. The actual pathway
for each Algol depends on the initial mass ratio of the
binary, the initial orbital period, how conservative the
mass transfer is, and how much specific angular momen-
tum is carried away with the lost mater (e.g. Nelson &
Eggleton 2001; Eggleton & Kiseleva-Eggleton 2002; De
Loore & van Rensbergen 2005). Some Algols are stable
mass-transferring systems and leave remnant thermally
bloated white dwarfs (e.g. Rappaport et al. 2015) or sub-
dwarf B and O stars (e.g. Han et al. 2002). However,
shortly after the mass-transfer phase ends, the tenuous
residual atmosphere of the mass losing giant can remain
bloated for up to a Myr until the remaining hydrogen is
consumed, while the envelope shrinks and gets hotter, to
the point where the underlying white dwarf or subdwarf
is revealed. This might be called a ‘transitional phase’.
It may be possible for the accretion disks to persist
in systems that have ended active mass transfer. Occul-
tations induced by persistent disks have been detected
in a handful of long period binaries. Photometric oc-
cultations by disks are often distinct from other events,
as they exhibit long duration, deep eclipse-like signals
that can be identified in photometric surveys.  Aurigae
is the classical example of such a system, with a post-
AGB F0 supergiant with a B-star companion embedded
in a dusty disk with an orbital period of 27 years (e.g.
Kuiper et al. 1937; Huang 1965; Kopal 1971). The oc-
cultation is observed in photometry (e.g. Gyldenkerne
1970; Kemp et al. 1986; Carroll et al. 1991), interferom-
etry (Kloppenborg et al. 2010, 2015), and spectroscopy
(e.g. Lambert & Sawyer 1986; Chadima et al. 2011; Lead-
beater et al. 2012; Griffin & Stencel 2013; Muthumariap-
pan et al. 2014; Strassmeier et al. 2014), and the system’s
orbit and masses are constrained by the radial velocities
(Stefanik et al. 2010). The two year long eclipse is in-
ferred to be from a ∼ 4 AU diameter disk consisting of
both dust and gas (e.g. Lissauer et al. 1996). The dusty
component is required to explain the strong IR excess in
the system (Hoard et al. 2010), while the gaseous com-
ponent in the vertically extended disk shell induces a se-
ries of spectroscopic features that map out the Keplerian
disk during occultation (e.g. Chadima et al. 2011; Strass-
meier et al. 2014). A central brightening is seen during
eclipse, leading to a flared disk geometry interpretation
(e.g. Budaj 2011). Similar long period, long duration
disk occultations in other potential mass-transfer sys-
tems have also been identified: the 96 day period V383
Sco (Zola et al. 1994), the 5.6 year period EE Cep (Miko-
lajewski & Graczyk 1999), the 468 day periodiocally re-
curring eclipses of OGLE-LMC-ECL-11893 (Dong et al.
2014; Scott et al. 2014), and 1277 day periodic eclipses of
OGLE-BLG182.1.162852 (Rattenbury et al. 2015). The
recent advent of wide field photometric surveys is now
also enabling numerous new discoveries, including the 69
year eclipsing disk system TYC 2505-672-1 (Rodriguez
et al. 2016).
MWC 882 (Vmag = 10.8) was originally identified in
the Mount Wilson Catalog (MWC) of A and B stars due
to its Balmer line emissions (Merrill & Burwell 1949).
Here we report that MWC 882 is a 72-day period bi-
nary involving a B7 post Red Giant Branch (RGB) star
and an A0 accretor, exhibiting disk occultations on each
orbit. Occultations of the donor by the accretion disk
around the accretor were detected by the K2 mission
(during Campaign 11), and subsequently identified in
pre-discovery observations by ground-based photometric
surveys. The basic geometry of the system is illustrated
in Figure 1. As we detail below, the disk signatures
of MWC 882 are eerily reminiscent of  Aurigae. The
eclipse light curve exhibits a central brightening that we
also argue to be from a flared-disk geometry. Spectro-
scopic signatures of the disk were detected, via a similar
set of absorption lines, as that from the recent  Aurigae
eclipse. Unlike  Aurigae, both members of the system
are directly detected, and their dynamical masses can be
measured. Our interpretation of MWC 882, as a post-
Algol with a donor star that relatively recently ended its
mass transfer phase, will aid the understanding of similar
long period disk occultation systems.
Fig. 1.— In the MWC 882 system, the 3.2M A0 accreting
star is enshrouded in an accretion disk ≈ 60R in radius, orbited
by a post-RGB 0.5M B7 donor star with an orbital period of
72 days at a separation of 114R. The donor star is occulted
by the accretion disk every orbit, causing periodic eclipses ≈ 7%
deep. Our observations suggest that the donor star is much smaller
than its Roche lobe, and is not sustaining active mass transfer.
Illustration shows the geometry of the system from the observer,
and is not to scale.
2. DETECTION AND PHOTOMETRIC FOLLOW-UP
OBSERVATIONS
The photometric and astrometric properties of MWC
882 are listed in Table 1. A total of 38 photometric
occultations were recorded in multiple datasets, includ-
ing the K2 discovery light curves, pre-discovery datasets
from ground-based wide-field photometric surveys, and
our multi-wavelength follow-up observations. They are
summarized below, listed in Table 2 for clarity, and plot-
ted in Figure 2 in full.
2.1. Identification from K2 photometry
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TABLE 1
Photometric and astrometric parameters
Parameter Value Source
Bonner Durchmusterung (BD) . . . . . . . . . . . BD-22 4376
EPIC ID . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 225300403
2MASS ID . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . J17362552-2246179
Tycho ID . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . TYC 6827-410-1
RA (J2000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 36 25.5215
DEC (J2000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . -22 46 17.904
NUV (mag) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15.742± 0.017 GALEX (Bianchi et al. 2011)
BJ (mag) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11.376± 0.100 ASCC2.5V3 (Kharchenko & Roeser 2009)
BJ (mag) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11.409± 0.017 APASS DR9 (Henden et al. 2016)
V J (mag) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.935± 0.112 ASCC2.5V3 (Kharchenko & Roeser 2009)
V J (mag) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.802± 0.030 APASS DR9 (Henden et al. 2016)
g′ (mag) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11.093± 0.017 APASS DR9 (Henden et al. 2016)
r′ (mag) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.616± 0.040 APASS DR9 (Henden et al. 2016)
i′ (mag) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.360± 0.016 APASS DR9 (Henden et al. 2016)
J (mag) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9.298± 0.024 2MASS (Cutri et al. 2003)
H (mag) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9.044± 0.028 2MASS (Cutri et al. 2003)
K (mag) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8.892± 0.025 2MASS (Cutri et al. 2003)
W1 (mag) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8.560± 0.023 WISE (Cutri & et al. 2012)
W2 (mag) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8.395± 0.022 WISE (Cutri & et al. 2012)
W3 (mag) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.792± 0.023 WISE (Cutri & et al. 2012)
W4 (mag) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.44± 0.21 WISE (Cutri & et al. 2012)
Line of sight reddening E(B − V ) (mag) . 0.866± 0.024 IRAS (Schlegel et al. 1998)
Fitted system reddening E(B − V ) (mag) 1.07 SED fitting
TABLE 2
Summary of photometric observations
Facility Date(s) Number of Images Filter
ASAS 2001 Jan 31 – 2009 Oct 25 662 V
ASAS-SN 2015 Feb 16 – 2017 Jul 2 418 V
K2 2016 Sep 24 – 2016 Oct 18 1062 Kp
K2 2016 Oct 21 – 2016 Dec 07 2174 Kp
HAO 2017 Aug 30 – 2017 Sep 20 1000 g′
HAO 2017 Aug 30 – 2017 Sep 20 870 z′
PEST 2017 Sep 2 – 2017 Sep 12 79 B
PEST 2017 Sep 2 – 2017 Sep 12 79 V
PEST 2017 Sep 2 – 2017 Sep 12 83 I
MWC 882 was observed during Campaign 11 of the
K2 mission with the Kepler spacecraft (Howell et al.
2014) under the designation EPIC 225300403. K2 pro-
vides photometric coverage of selected stars in fields dis-
tributed across the ecliptic plane over a temporal baseline
of ≈ 72 days per field. MWC 882 was observed with a
cadence of 30 min by K2. The target pixels were down-
loaded upon public release of the campaign data, and
reduced as per Vanderburg & Johnson (2014)21.
We conducted a visual examination of Campaign 11
light curves for astrophysical features not usually iden-
tified by automated algorithms and periodic signal anal-
yses. The inspections are aided by the LCTOOLS soft-
ware and LCViewer packages, and was conducted in the
fashion described in Rappaport et al. (2017b). The light
curve of MWC 882 revealed a transit-like feature, with a
depth of ≈ 7%, and a full duration of ≈ 19.4 days (see
Figure 2). The occultation is slightly asymmetric, with
‘ingress’ spanning over 2 days, and the egress extending
21 After identifying MWC 882 as a target of interest, we re-
reduced the light curve allowing low-frequency variations to be
modeled with a faster basis spline, which yielded a light curve with
fewer systematics.
over 8 days. A ≈ 3% brightening is seen at the center of
the eclipse.
2.2. Pre-covery with ASAS and ASAS-SN
Once the eclipse of MWC 882 was identified in the
K2 data, we searched for additional events in archival
photometric observations from the ASAS and ASAS-SN
surveys. Here we present a brief overview of each survey
and the observations available on MWC 882.
Designed to survey the entire sky and catalog all vari-
able stars brighter than Vmag = 14, the All-Sky Auto-
mated Survey (ASAS, Pojmanski 1997; Pojman´ski 2001)
accomplished this goal by obtaining simultaneous V and
I band photometry. The survey has two units, one lo-
cated in Las Campanas, Chile and the other in Haleakala,
Maui. Each unit has two telescopes equipped with
wide-field Minolta 200/2.8 APO-G telephoto lenses and
a 2K×2K Apogee CCD. Each telescope setup has an
8.8◦ × 8.8◦ field of view. ASAS observed MWC 882 in
the V band at 662 epochs at a median cadence of 2.04
days from UT 2001 January 31 to UT 2009 October 25.
The eclipse signals were also recovered from obser-
vations by the All Sky Automated Survey for Super-
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Fig. 2.— The collection of photometry available for MWC 882. Top panel shows the observations spanning 16 years, from ASAS and
ASAS-SN pre-discovery survey photometry to follow-up observations by PEST and HAO. Individual occultation epochs are labelled by the
triangles at the bottom of the panel, color-coded by facility. Epochs that were not observed are labelled by open triangles. Bottom panel
shows the same set of photometry, phase folded such that the occultation is at phase 0.5. The K2 light curve is marked by the brown line,
multi-band follow-up photometry by open squares (binned to the per night median), and pre-covery observations from ASAS and ASAS-SN
by the solid circles. Note the lack of color dependence in the multi-band follow-up observations, to within ∼ 1% precision.
Novae (ASAS-SN). Using two separate telescope units
at Mount Haleakala in Hawaii and Cerro Tololo Obser-
vatory in Chile, ASAS-SN is monitoring the entire sky
down to Vmag ≈17 to detect new supernovae and tran-
sients (Shappee et al. 2014; Kochanek et al. 2017). Each
unit has four 14 cm aperture Nikon telephoto lens with
2K × 2K thinned CCDs, and can survey over 20,000
deg2 each night, allowing the entire visible sky to be ob-
served every 2 days. The telescope setup results in a
4.5◦ × 4.5◦ field of view. The reduction pipeline is de-
scribed in Kochanek et al. (2017). ASAS-SN observed
MWC 882 418 times at a mean cadence of 2.08 days
from 2015 February 16 – 2017 July 2 UT.
We used the Box Least Squares algorithm (BLS,
Kova´cs et al. 2002) to search for the period of the eclipse
signal in the combined ASAS, ASAS-SN, and K2 data
sets with the eclipse epoch fixed to be the center of the
K2 event. The BLS spectrum has a strong detection at
72.416± 0.016 days. Uncertainties in this period estima-
tion stem mainly from the difficulty in accurately deter-
mining the eclipse centroid. We use this period estima-
tion to guide further follow up observations. The period
is also independently confirmed via a summed harmon-
ics Fast Fourier Transform on the ensemble photometry,
yielding a period of 72.428± 0.030 days, as well as via a
Stellingwerf transform (Stellingwerf 1978) at a period of
72.417± 0.030 days.
To check for possible period changes, we fitted for a
set of eclipse times over 1 year segments of the ASAS
and ASAS-SN light curves, using the K2 eclipse as a
template. We find no eclipse timing variations, with a
2σ upper limit of |P˙ | < 0.016 day year−1 over the 16
year baseline. From the description of the binary system
evolution set out in Section 5, we expect no detectable
period changes in the current system configuration, even
if mass transfer is occurring at a rate of 10−8M yr−1 as
inferred from the spectroscopy (Section 3.4). Based on
the simplest dimensional arguments using conservation
of orbital angular momentum, we expect period changes
of P˙ /P ' 3|M˙ |/Mdon. From that, we find that P˙ is likely
to be . 4× 10−6 days yr−1, orders of magnitude smaller
than our measurements could possibly detect.
2.3. Ground-based photometric follow-up
Following the period determination for the occultation
of MWC 882, we targeted the predicted occultation in
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early 2017 September with a series of ground-based pho-
tometric observations. This occultation occurred five or-
bits after that observed by the K2 mission, and was the
first observable occultation post K2 data release.
Observations were obtained at the Hereford Ari-
zona Observatory (HAO), using a 0.36 m Meade LX200
GPS telescope with a Santa Barbara Instrument Group
(SBIG) ST-10XME CCD camera. We made observa-
tions during 16 nights between 2017 August 30 to 2017
September 19, successfully recording the ingress, full
eclipse, egress, and three days of post-occultation base-
line photometry. The observations and reductions pro-
cedure follows that described in Rappaport et al. (2016,
2017a). To check for color dependencies in the occulta-
tion depth, the observations were made in the g′ and z′
bands. On each night, continuous observations were per-
formed over a two-hour span, with integration times of
20–40 s. The per night average magnitudes are listed in
Table 3 and plotted in Figure 2.
We also obtained multi-band follow-up observations
of the 2017 September occultation with the Perth Ex-
oplanet Survey Telescope (PEST) located in Perth, Aus-
tralia. PEST operates a fully automated 0.3 m Meade
LX200 telescope, coupled with a SBIG ST-8XME CCD
camera. The observations covered parts of the full eclipse
and egress, and were made over 2017 September 2 – 2017
September 12 period. To check for colour dependencies
in the occultation, observations were made in the B, V ,
and Ic bands. As with the HAO observations, the nightly
averages of the light curves are shown in Figure 2.
3. SPECTROSCOPIC OBSERVATIONS
We obtained spectroscopic observations of MWC 882
with a series of facilities over 2017 August and September
to measure the masses of the system, estimate spectral
classifications, and to monitor for temporal changes in
the spectroscopic features. These observations are sum-
marized in Table 4.
A total of 11 observations were obtained using the Till-
inghast Reflector Echelle Spectrograph (TRES) on the
1.5 m telescope at Fred Lawrence Whipple Observatory,
Mt. Hopkins, Arizona, USA. TRES is a fibre fed spectro-
graph with a spectral resolution of R ≡ λ/∆λ = 44000
over the wavelength range 3900–9100 A˚ via 51 echelle or-
ders. Each observation is made of three sequential expo-
sures, combined to minimize the impact of cosmic rays,
and were reduced as per Buchhave et al. (2010). Our
observations spanned the period of 2017 July 31 – 2017
September 25, over orbital phases between 0.25 and 0.75.
Of the 11 observations, 5 were obtained during the oc-
cultation at phase 0.5.
We observed MWC 882 six times between 2017 Au-
gust 28 and 2017 September 15 with the 2.7 m Harlan J.
Smith Telescope and its Robert G. Tull Coude´ Spectro-
graph (Tull et al. 1995) at McDonald Observatory, Mt.
Locke, Texas, USA. We used the TS23 spectrograph con-
figuration, providing R = 60, 000 over 58 echelle orders.
The wavelength coverage is 3570-10200 A˚, and is com-
plete below 5691 A˚ with increasingly large inter-order
gaps red-ward of this point; notably, Hα falls into one of
these gaps and is not captured. We obtained one spec-
trum per epoch. The data were reduced and the spec-
trum extracted and wavelength calibrated using standard
IRAF tasks.
We also obtained an observation of MWC 882 using
the 2.4 m Automated Planet Finder (APF) and the Levy
spectrograph, located at Lick observatory, Mt Hamilton,
California, USA. The APF is coupled with a high reso-
lution, slit-fed, spectrograph that works at a typical res-
olution of R ≈ 110,000. The telescope is operated by a
dynamic scheduler, has a peak overall system throughput
of 15%, and its data reduction pipeline extracts spectra
from 3750-7600A˚ (Vogt et al. 2014; Burt et al. 2015).
The APF spectrum used in this work was extracted from
a single, 20 minute exposure taken with the 1x3” slit on
2017 July 26.
3.1. Radial velocities of the binary
The spectra of MWC 882 show obvious signs of blend-
ing by the two stellar components in the system. Luckily,
only the donor star is hot enough to exhibit strong He I
absorption lines. As such, we make use of the unblended
He I lines at 5876 A˚ and 6678 A˚ to measure the radial
velocity of the donor star (Figure 3). To measure the ve-
locity of the accretor, we perform a least-squares decon-
volution of the spectrum to derive the broadening kernel
of the spectral lines. The broadening kernel contains the
radial velocity information of the system, since the ob-
served spectrum is the convolution of the kernel of the
two stars and a synthetic non-rotating single star spec-
tral template. Following the technique laid out in Do-
nati et al. (1997), a deconvolution is performed between
the observed spectrum and a single-star non-rotating
synthetic spectral template. The template is generated
with the SPECTRUM code22 (Gray & Corbally 1994)
with the ATLAS9 model atmospheres (Castelli & Ku-
rucz 2004), over the wavelength range of 4000-6100 A˚,
and has the atmospheric properties of a Teff = 12000 K,
log g = 4.5 main-sequence star. We find that broadening
profiles from least-squares deconvolutions often resolve
blended lines better than classical cross correlation func-
tions, due to the sharp-edge nature of rotational broad-
ening kernels.
Temporal variations of the broadening profile, as a
function of the orbital phase, are shown in Figure 4.
These temporal variations capture the radial velocity or-
bit of the system, and have the potential of revealing
line width and asymmetry variations if they are present.
We fit the broadening profiles with a two-star model,
and each kernel of each star is modeled with the con-
volution of a rotational kernel and a macroturbulence
kernel, along with the parameters for velocity centroid
and height ratio. The velocity of the broadening ker-
nel of the donor is fixed to that measured from the He
I line centroids, while their broadening values are fitted
for simultaneously with the fitting of the donor’s pro-
file. The fitting is performed via a Markov chain Monte
Carlo (MCMC) exercise, using the emcee affine invariant
ensemble sampler (Foreman-Mackey et al. 2013). The
derived radial velocities are presented in Table 5, and
plotted in Figure 5.
Keplerian fits to the radial velocities yield the dynam-
ical masses of the system. The Keplerian orbit parame-
ters and associated uncertainties are determined via an
22 http://www1.appstate.edu/dept/physics/spectrum/spectrum.html
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TABLE 3
Differential photometry for MWC 882a
BJD Flux σ Flux Instrument Filter
2451940.8811800 0.9959 0.0290 ASAS V
2451949.8930800 0.9922 0.0420 ASAS V
2451953.8868900 0.9786 0.0310 ASAS V
2451954.8783100 1.0144 0.0350 ASAS V
2451961.8914600 0.9786 0.0330 ASAS V
2451963.8718300 0.9886 0.0290 ASAS V
2451965.8651100 1.0257 0.0300 ASAS V
2451967.8676900 1.0125 0.0340 ASAS V
2451978.8217600 0.9895 0.0400 ASAS V
... ... ... ... ...
a This table is available in a machine-readable form in the
online journal. A portion is shown here for guidance regarding
its form and content.
TABLE 4
Summary of spectroscopic observations
Telescope/Instrument Date Range Number of Observations Resolution
APF 2.4 m 2017 Jul 26 1 110000
FLWO 1.5 m/TRES 2017 Jul 31 – 2017 Sep 25 11 44000
McDonald 2.7 m 2017 Aug 28 – 2017 Sep 15 6 60000
MCMC analysis. To yield realistic uncertainty estimates
and to account for underestimation of per-point velocity
measurement errors, the per-point velocity uncertainties
were inflated such that the reduced χ2 for the best fit
solution after the MCMC burn-in chain is at unity. We
did not attempt to correct the velocities from different
facilities for systematic offsets. Instead we chose to in-
crease the formal uncertainties to account for this effect.
The per-point uncertainties were assigned to be at least
0.5 km s−1 to account for these possible systematic un-
certainties. We find, for assumed circular orbits, that
the radial velocity amplitudes are K1 = 14.3
+1.4
−1.3 km s
−1
and K2 = 85.5
+1.9
−2.2 km s
−1, resulting in minimum mass
measurements of Macc = 3.24 ± 0.29M and Mdon =
0.542± 0.053M. The residuals from the best fit model
have scatters of 3.0 km s−1 and 1.4 km s−1 for the accre-
tor and donor velocities, respectively. To test the ef-
fect of combining velocities from multiple instruments in
our analysis, we recomputed the masses from the TRES
velocities alone, finding Macc = 3.14 ± 0.14M and
Mdon = 0.54 ± 0.02M, consistent with the combined
analysis. We also performed an independent radial veloc-
ity analysis of the TRES spectra via the two-dimensional
cross correlation technique TODCOR (Zucker & Mazeh
1994), finding Macc = 3.01 ± 0.17M, and Mdon =
0.508 ± 0.017M, consistent with the masses quoted
above to within 1σ.
We checked that the orbit is indeed consistent with be-
ing nearly circular, with eccentricity formally constrained
to be e = 0.021 ± 0.010. While we cannot rule out a
small, but non-zero eccentricity for the system, signifi-
cantly more radial velocities are required to avoid biases
at near-zero eccentricities (e.g. Lucy & Sweeney 1971;
Bassett 1978). We note, however, that non-zero eccen-
tricities have been detected for other Algols (e.g. TT
Hydrae Miller et al. 2007), so such follow-up observa-
tions are worthwhile.
3.2. Spectral classification
Stellar classification was particularly difficult given the
complexity of the system: the spectra are blended, both
stars exhibit signatures of chemical peculiarity (see Sec-
tion 3.3), active accretion prevents the use of Balmer line
strengths for temperature estimates, and both stars are
severely reddened by interstellar and circumstellar mate-
rial. As such, no single set of synthetic template spectra
and fluxes fit the observed spectra well.
Since the stars exhibit chemical peculiarity and ac-
cretion signatures, we did not perform a global spectral
matching of observed and synthetic spectra. Instead, we
make use of temperature sensitive spectral features. For
example, strong and broad near-UV/optical He I absorp-
tion lines are prominent features in B-star spectra, but
decrease in strength toward cooler temperatures. As a
result, He I lines can be useful temperature indicators.
Figure 3 shows the radial velocity orbital phase varia-
tions of the donor star by its He I absorption feature.
Note that we see He I only at the spectrum of the donor
star, not the accretor, suggesting that the donor star
is hotter than ≈ 13000 K. The Ca II H & K lines grow
weaker and narrower for earlier type A and B stars, while
C II lines grow in strength for B stars. Figure 6 shows
the observed spectra of MWC 882 for the Ca II K and
C II lines, compared to synthetic spectra from ATLAS12
models (Kurucz 2005) taken from the POLLUX spec-
tral database (Palacios et al. 2010). Synthetic spectra
with metallicity of [Fe/H] = +0.5 were chosen, since the
stellar surface of both stars appears metal enriched and
chemically peculiar (Section 3.3). We also adopt models
with a surface gravity of log g = 4.5 for the accretor, cor-
responding to its expected properties after mass transfer
(see Section 5), and a gravity of log g = 3.5 for the donor,
the lowest gravity template available in the ATLAS12
grid. We take as the ‘observed spectrum’ to be evaluated
an average of the spectra taken over 2017 September 23
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TABLE 5
Relative radial velocities
BJD RV1 a σ RV1 RV2 b σ RV2 c Inst
(TDB) (km s−1) (km s−1) (km s−1) (km s−1)
2457960.7368 -24.62 0.21 -61.67 0.50 APF
2457965.6830d ... ... -26.84 1.79 TRES
2457990.6635d ... ... 53.73 0.55 TRES
2457993.6303 -31.83 0.15 38.44 0.50 McDonald
2457994.6378 -34.05 0.31 34.32 0.50 McDonald
2457994.6673 -33.38 0.23 34.94 0.50 TRES
2458002.6414 -21.70 0.33 -21.58 2.00 TRES
2458006.6275e ... ... -47.81 1.31 TRES
2458007.6279e ... ... -56.62 1.02 McDonald
2458008.6041e ... ... -63.44 0.50 McDonald
2458008.6290e ... ... -62.36 0.50 TRES
2458009.5981e ... ... -71.15 0.50 McDonald
2458009.6244e ... ... -69.11 0.50 TRES
2458011.6228 -14.25 0.16 -79.53 0.50 McDonald
2458019.6026 -7.77 0.16 -106.26 0.50 TRES
2458020.6046 -8.17 0.30 -107.93 0.96 TRES
2458021.6009 -8.74 0.10 -106.84 0.50 TRES
a Velocity of the accretor measured from the line broadening kernels.
b Velocity of the donor measured from the He I lines, which are present only in
the donor spectrum.
c A minimum uncertainty of 0.50 km s−1 is adopted to account for systematic
uncertainties.
d Only velocities of the donor were measured; could not disentangle the velocities
of the accretor and donor from the line broadening kernels.
e Only velocities of the donor were measured; the photospheric lines of the
accretor were contaminated by the disk absorption lines.
– 25, at orbital phase 0.75–0.77, where the radial veloc-
ity separation between the accretor and donor were at
its greatest. We find the accretor star to be consistent
with an A0 spectral type with an effective temperature of
12000± 1000 K, while the donor is likely a B7 star, with
an effective temperature of 15000 ± 1000 K. The simi-
lar temperatures between the accretor and donor star
are consistent with the grey eclipse observed during our
follow-up observations (Section 2.3).
Broadening of the spectral lines informs us of the pro-
jected rotational velocity of the stars. We fit for rotation
profiles (defined in Gray 2005) to the least-squares de-
convolution kernels taken at phase 0.25 and 0.75, where
the velocities of the two stars are well separated. We
find both stars exhibit similar line broadenings, with the
accretor rotating at v sin i = 25.6 ± 4.5 km s−1, and the
donor star with v sin i = 31 ± 11 km s−1. We note, how-
ever, that our quoted rotational broadening velocities
do not account for the effects of macroturbulence. The
broadening profile of both stars in the MWC 882 sys-
tem deviate significantly from the standard rotational
profiles, and the fits that incorporate both v sin I? and
macroturbulence are highly degenerate. A similar issue
was encountered when analysing the spectra of  Auri-
gae, with multiple v sin I? values quoted, ranging from
5 km s−1 (Chadima et al. 2011) to 41 km s−1 (Stefanik
et al. 2010). Regardless of the assumptions on non-
rotational line broadenings, the stars in both MWC 882
and  Aurigae are rotating significantly slower than the
average A and B stars (e.g. Royer et al. 2007), and cer-
tainly not near breakup velocity as expected for actively
accreting systems. Dervis¸ogˇlu et al. (2010) suggest a
strong stellar wind as a mechanism for angular momen-
tum dumping. They expect that strong differential rota-
tion, induced by accretion, can generate strong magnetic
fields that enhance the stellar wind and mass loss, spin-
ning down the stars.
The relative line strengths of the accretor and donor
spectra also inform us of the flux ratio of the system.
To measure the flux ratio, we fit for the contributions
of the donor and accretor stars over the entire TRES
spectrum, order by order, using the ATLAS12 mod-
els. Only a few orders have high signal-to-noise and
enough lines from both stars to constrain the flux ra-
tio. We find the spectral region over 48 orders be-
tween 4000–6000 A˚ satisfy this requirement well, yielding
Facc/(Fdon + Facc) = 0.52 ± 0.18, with the uncertainty
being the scatter in the flux ratios measured. An illus-
trative section of the spectral fitting is shown in Figure 7.
Reddening, UV, and IR excess are constrained by the
spectral energy distribution (SED, Figure 8). We model
the SED with 12000 K and 15000 K synthetic templates
from Castelli & Kurucz (2004), and fit for a black body
component to constrain any IR excess, and an extinction
coefficient to account for interstellar and circumstellar
reddening. Since both stellar components have very sim-
ilar temperatures, the flux ratio is impossible to constrain
using the SED only, so we fix the flux ratio to 0.52 as de-
termined from spectral line fitting. We recover significant
reddening of E(B − V ) = 1.07, and is better fit with an
extinction law of R(V ) = A(V )/E(B − V ) = 2.5. Mini-
mal IR excess is detected in the SED, and can be rectified
by a black body of 1200 K. The IR excess may be due to
contaminating M-dwarfs along the line of sight, or low
levels of a dusty envelope around either of the stars.
3.3. Chemical peculiarity
Some A and B stars exhibit chemical and magnetic pe-
culiarity in their atmospheres. The spectra of both stars
in the MWC 882 system are consistent with classifica-
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Fig. 3.— He I lines trace the velocity of the donor star. The top
panel shows the He I line at the end of our observation campaign,
at an orbital phase of 0.75. The bottom panel shows the Doppler
map of the He I lines over the orbital phase of the MWC 882 sys-
tem, ordered such that the latest observation (top row) corresponds
to the spectrum shown on the top panel. The color gradient repre-
sents the depth of the He absorption line. Velocity with respect to
the rest frame He line is plotted on the horizontal axis, temporal
variations of the spectrum plotted along the vertical axis. The Ke-
plerian orbital fit for both stellar components are marked by the
dashed lines. Note the He I lines are present only in the spectrum
of the donor, indicative of it being a hot B-star.
tion as chemically peculiar stars. In particular, Figure 9
shows that both the donor and accretor star exhibit sig-
natures of strong Si enhancement. Enhancement in the
Cr lines are also seen in the accretor star, but not the
donor star. We did not see enhancement in Sr, which is
common amongst stars that are enriched in Si and Cr.
We also searched for enhancements in Y, Hg, and Mn
(Figure 10), seen in the HgMn class of Bp/Ap stars, but
did not detect their presence. The slow rotational (. 30
km s−1) velocities of both stars in the MWC 882 sys-
tem are consistent with the presence of strong magnetic
fields, and both stars reside within the roughly B6-F4
spectral range of known Bp/Ap stars (e.g. Wolff 1981;
Smith 1996). Therefore, we have classified the donor and
accretor stars in MWC 882 as BpSi and ApSiCr stars, re-
spectively.
3.4. Spectroscopic signatures of accretion
Evidence for active accretion is apparent in the spec-
tra of MWC 882. Hα is seen strongly in emission during
all observations, with an equivalent width of 12 ± 2 A˚
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Fig. 4.— Doppler tomographic maps of the line broadening ker-
nel variations are plotted. The line broadening profiles are derived
from a least-squares deconvolution (LSD) of the observed spectra
against a non-rotating synthetic spectral template over the wave-
length region of 4000–6100 A˚, and represent line broadening kernels
for the photospheric lines in both stars. Similar to Figure 3, the
top panel shows the line profile at an illustrative epoch, while
the bottom panel shows the temporal variations in a color map,
with each row representing an observation epoch, and top row cor-
responding with the example profile plotted on the top panel. The
Keplerian orbits of both stellar components are marked by the
dashed lines, and the spectral contributions of both stellar com-
ponents can be identified in the line broadening kernels. Note
the absorption features from the accretion disk that are seen dur-
ing eclipse, blue shifted with respect to the accreting star during
egress. These are transmission spectroscopic features that mark
the Keplerian velocity of the sections of the gas disk occulting the
donor star.
measured from the out-of-occultation spectra. The fea-
ture is double peaked, and is representative of those seen
in longer period (P > 6 d) Algols (e.g. Richards & Al-
bright 1999; Budaj et al. 2005). The wings of the Hα
feature extend to ≈ 400 km s−1, corresponding to an in-
ferred inner disk radius of ≈ 3.7R23. In comparison,
the isochrone-fitted radius of the 3.24M accreting star
is 3.09 ± 0.59R (via fitting of Geneva isochrones, Ek-
stro¨m et al. 2012, as described in section 4) and, as
such, the inner edge of the accretion disk extends close
to the stellar surface. The peak emission of both Hα and
Hβ are located at ≈ 150 km s−1, corresponding to a disk
radius of ≈ 28R. The Ca II triplet (CaT) lines ex-
hibit inverted P-Cygni profiles, again indicative of active
23 The exact extent of the Hα wings depends on the spectral nor-
malization and blaze function removal, and is not well constrained.
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Fig. 5.— Radial velocities of the accretor (orange) and donor
(blue) are shown. The occultation is centred at phase 0.5. The
best fit Keplerian orbits are marked by the solid lines.
accretion. The line profiles and phase variations of the
accretion features are shown in Figure 11. We see no He
features in the accreting star, nor any signatures of wind
and outflows in the He I or O I lines.
The mass-transfer rate onto the accreting star can
be estimated via the Hα luminosity. By comparing
the Hα flux against the bolometric luminosity from our
SED fit, we measure LHα/Lbol,acc = 0.0023, implying
LHα = 0.32
+0.15
−0.07 L. Assuming complete conversion of
potential energy, the mass transfer rate estimated from
the Hα flux is 1.3 ± 0.3 × 10−8M yr−1. For compari-
son, typical accretion rates measured for Algols in 4 to 13
day period orbits range from 10−9 to 10−5M yr−1 (Van
Rensbergen & De Greve 2016, and references therein).
We note that an accurate estimate of the accretion rate
should model the Hα profile to extract the accretion lu-
minosity, and account for flux from other accretion sig-
natures. Future observations in the UV and more so-
phisticated modeling of the line profiles will yield more
accurate accretion rates for this system.
3.5. Gas disk absorption during occultation
Occultations like those exhibited by MWC 882 present
opportunities to study the gas material within the ac-
cretion disk. During occultation, light from the donor
star passes through the accretion disk, and spectroscopic
absorption features from the optically thin parts of the
gaseous disk are imprinted on the observed spectrum.
These absorption lines trace the velocities of disk gas
along the line of sight between the donor star and the
observer.
Such occultation disk spectroscopy was obtained dur-
ing eclipses of  Aurigae in 1982-1984 (Lambert & Sawyer
1986) and the more recent 2009-2011 event (Leadbeater
et al. 2012; Griffin & Stencel 2013; Muthumariappan
et al. 2014; Strassmeier et al. 2014). The thin dusty
and gaseous disk is seen to transit in front of an F0
supergiant, which we view almost edge on (near 90◦
inclination). Disk lines from the optically thin disk
‘shell’ around  Aurigae were observed at varying widths,
depths, and velocities through the two year eclipse. In
particular, lines of low excitation potential species were
strongly detected, such as Na I, K I, Mg I, Hα, and Hβ.
These lines traced the Keplerian velocity of the disk, and
helped to constrain the morphology, homogeneity, and
potential eccentricity of the disk.
Our spectra obtained during the occultation of MWC
882 revealed a series of broad absorption features that
are offset in velocity from both the donor and accre-
tor. These features are obvious in the Balmer lines (Fig-
ure 11), as well as many neutral and ionised metal lines,
such as the Ca II triplet (Figure 11), Si II (Figure 12),
Fe I, II, Na I D, K I, Mg I. The disk features are also
present in the ensemble line profiles derived from the
least-squares deconvolution analysis, shown in Figure 4.
The velocities derived from selected unblended lines are
shown in Figure 13.
Assuming that the greatest contribution in flux to the
disk lines come from the inner-most regions of the disk
that actually occult the donor star, we can use these disk
line velocities to constrain the occultation geometry and
the system architecture (Section 4).
4. SYSTEM ARCHITECTURE
Algols undergoing active accretion are rarely detected
at periods as long as 72 days (e.g. Richards & Albright
1999). Unravelling the true system architecture is crucial
to understanding its evolutionary state.
From the light curves and radial velocities, we know
that the disk around the accreting star is occulting the
donor star, the two orbiting each other with a period of
72 days. The dynamical masses indicate the accretor is
now 3.24± 0.29M and the donor is 0.542± 0.053M,
separated by a distance of 114.0± 3.1R. Examinations
of the spectroscopic lines find that the donor is slightly
hotter than the accretor, at 15000 K and 12000 K respec-
tively, both contributing approximately equally to the
flux of the system. Properties of the accretor can be fur-
ther estimated by fitting its mass and effective temper-
ature to standard stellar isochrones. Using the Geneva
isochrones for high mass stars (Ekstro¨m et al. 2012), at
solar metallicity, and no rotation, the radius and lumi-
nosity of the accretor is estimated to be 3.09 ± 0.59R
and 142+67−33 L. Assuming Stefan-Boltzmann’s law and
a flux ratio of Fdon/(Fdon + Facc) = 0.52± 0.18, we cal-
culate the radius of the donor to be 1.79± 0.72R. We
note that the Geneva isochrones are single star evolu-
tion tracks, and begin at zero-age main-sequence. The
accretor star, however, is a lower mass star that is ‘re-
juvenated’ by the mass transfer episode, with different
interior structures. Section 5 discusses binary evolution
tracks that account for the co-evolution of the two stars.
However, the Geneva grid presents a reasonable estimate
of the properties of the accretor star, and an interpola-
tion of the grid allows us to estimate uncertainties on the
properties of both stars, which is more difficult with the
scenario-specific binary evolution tracks.
Adopting these masses and radii, neither star is close
to filling its Roche lobe (Figure 14). The estimated sizes
of the Roche lobes are 61.1± 2.5R for the accretor and
27.3±0.9R for the donor (following the approximation
in Eggleton 1983). In fact, a stable disk can only be as
large as 80% of the Roche lobe (Paczynski 1977), with a
maximum radius of 49.4± 3.2R.
We create a toy disk model to simultaneously fit the
eclipse light curve and spectroscopic disk velocities. In
this model, the eclipse duration constrains the diameter
of the disk. The ingress and egress timescales constrain
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Fig. 6.— Ca II K and C II lines are temperature sensitive along the A–B spectral range. We compare the strengths of these lines against
synthetic templates from ATLAS12 (Kurucz 2005). The observed spectrum is shown in grey, and is an average spectrum over 3 nights at
orbital phase of 0.25. The spectrum has been shifted to the rest velocity of the accreting star. The 9000 K, 11000 K, and 13000 K templates
are shown in orange for the accreting star, templates of 11000 K, 13000 K, and 15000 K, shifted to the velocity of the donor star, are shown
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Fig. 7.— Relative line strengths in the observed composite spectrum can be used to determine the flux ratio of the system. An illustrative
portion of the spectrum is plotted, with the observations in grey, A 12000 K ATLAS12 model spectrum in orange for the accretor, and a
15000 K model spectrum in blue, shifted in velocity to match the donor star. Strong lines are labelled.
the radius of the donor star, if we assume the disk has
a sharp edge and uniform optical depth. The central
brightening is modeled by including a flaring to the disk,
such that a smaller area of the donor star is covered dur-
ing mid-eclipse. The velocities of the disk absorption
lines seen during occultation are also fitted for simulta-
neously. At each phase, we take the disk line velocity
to be described by the Keplerian orbital velocity of the
innermost disk annulus that is occulting the limb of the
donor star.
We fit for a disk of radius Rdisk using the following
prior. The probability is not penalized if Rdisk < 49.4,
but follows a Gaussian distribution with σ = 3.2 R (see
above) if the disk is larger. We also fit for the donor
star radius, Rdon, constrained by a Gaussian prior about
1.79±0.72R, its inferred radius being taken from spec-
troscopic analyses. The system is inclined to our line of
sight by angle i, and the disk exhibits a flare angle of
β, with thickness h at the inner edge, and has uniform
optical depth of τ . We make use of all available light
curves, and fit for a reference eclipse time Tc and period
P . We estimated the best-fit values and uncertainties
for model parameters with an MCMC exercise. Since
the star exhibits photometric jitter only at the 7 mmag
level, the per-point uncertainties are inflated to be the
scatter of the out-of-occultation light curve. We find a
best fit radius of the donor star of 2.01± 0.52R, being
occulted by a disk of Rdisk = 59.9±6.2R, with a flaring
angle of 1.63± 0.47◦ and inclined to our line of sight by
1.87± 0.58◦. The best fit light curve model is illustrated
in Figure 15, and the best fit parameters summarized in
Table 6.
Some of the parameters in our model are highly degen-
erate, and the model is overly simplistic for this system.
From the MCMC analysis, the flare angle is highly cor-
related with the donor star radius and line of sight in-
clination. The true disk will also not have a sharp edge,
and the ingress and egress timescales will be degenerate
with the optical depth of the disk and the donor star ra-
dius. For future reference, we also note that our adopted
priors on disk and donor star radii significantly influ-
ence the goodness-of-fit of the light curve. We found
that an unconstrained model fits the light curve much
better, but tends to adopt a significantly larger disk ra-
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TABLE 6
System parameters
Parameter Value Source
Light curve parameters
Period P (days) . . . . . . . . . . . . . . 72.416± 0.016 Light curve modeling
Occultation centroid Tc (BJD) 2457713.18± 0.18 Light curve modeling
RV parameters
Krv1 (km s−1) . . . . . . . . . . . . . . . . 14.3+1.4−1.3 Radial velocity modeling
Krv2 (km s−1) . . . . . . . . . . . . . . . . 85.5+1.9−2.2 Radial velocity modeling
e cosω . . . . . . . . . . . . . . . . . . . . . . . . −0.0127± 0.0097 Radial velocity modeling
e sinω . . . . . . . . . . . . . . . . . . . . . . . . −0.003± 0.017 Radial velocity modeling
Systemic RV (km s−1) . . . . . . . . −22.7± 1.9 Radial velocity modeling
Derived parameters
Macc (M) . . . . . . . . . . . . . . . . . . . 3.24± 0.29 Radial velocity modeling
Racc (R) . . . . . . . . . . . . . . . . . . . . 3.09± 0.59 Spectral + Geneva Isochrone fitting (Ekstro¨m et al. 2012)
Lacc (L) . . . . . . . . . . . . . . . . . . . . . 142+67−33 Spectral + Geneva Isochrone fitting (Ekstro¨m et al. 2012)
Mdon (M) . . . . . . . . . . . . . . . . . . . 0.542± 0.053 Radial velocity modeling
Rdon (R) . . . . . . . . . . . . . . . . . . . . 1.79± 0.72 Spectral + Geneva Isochrone fitting (Ekstro¨m et al. 2012)
Rdon (R) . . . . . . . . . . . . . . . . . . . . 2.01± 0.52 Disk modeling + Gaussian prior from isochrone fitting
Ldon/(Ldon + Lacc) . . . . . . . . . . . 0.52± 0.18 Spectral fitting
Distance (pc) . . . . . . . . . . . . . . . . . 770± 140 Isochrone fitting
a (R) . . . . . . . . . . . . . . . . . . . . . . . . 114.0± 3.1 Radial velocity modeling
e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.021± 0.010 Radial velocity modeling
Derived disk parameters
Rdisk (R) . . . . . . . . . . . . . . . . . . . . 59.9± 6.2 Light curve modeling and Roche-lobe constraint
Rdisk (R) . . . . . . . . . . . . . . . . . . . . 49.2± 3.2 From Roche-lobe constraint only
Line of sight inclination inc (◦) 1.43± 0.56 Light curve modeling
Disk flare angle β (◦) . . . . . . . . . 0.70± 0.25 Light curve modeling
Disk thickness h (R) . . . . . . . . . 0.63± 0.21 Light curve modeling
Disk optical depth τ . . . . . . . . . . 0.19± 0.13 Light curve modeling
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Fig. 8.— The SED of MWC 882 is plotted. The measured fluxes
are marked by the filled grey circles, while the best fit model fluxes
are marked by the open squares. The SED is fitted with a 12000 K
(accretor, orange) and a 15000 K (donor, blue) model atmospheres
from Castelli & Kurucz (2004). We find a best fit reddening of
E(B−V ) = 1.07, consistent with significant interstellar reddening
along the line of sight and circumstellar reddening around the sys-
tem. We also find minimal IR excess in the WISE bands, which
can be modeled well by a 1200 K black body, shown in red.
dius of ≈ 65R and larger donor star of ≈ 15R, nei-
ther are physical solutions given our known constraints
on the system. Even with the Gaussian prior on the
disk radius, our derived value of 59.9± 6.2R is in ten-
sion with that expected from the Roche lobe constraint
at the 1.5σ level. The disk size in our model depends
on the eclipse impact factor through a perfectly ellipti-
cal projected disk. However, we know from the ingress
and egress light curve that the disk is irregular. In this
simplistic modeling, we are forcing the disk to be well
aligned and symmetric. Asymmetries in the disk can be
better explored by future observations that provide bet-
ter spectroscopic coverage of the disk absorption lines
during occultation (Section 3.5.
It is also possible that the disk contains significant
amounts of dust. MWC 882 exhibits levels of infrared ex-
cess consistent with a 1500 K dusty disk. Similarly, dust
& 5µm are thought to be the source of infrared excess in
 Aurigae (Hoard et al. 2010). The dust in the disk of 
Aurigae may be partially responsible for the mid-eclipse
brightening via forward scattering (Budaj 2011).
Forward scattering can also effectively reproduce the
mid-eclipse brightening seen in the occultations of MWC
882. During the eclipse, light from the donor star is pass-
ing through, or skimming along the surface of the disk.
There are three components to the forward scattering
pattern: (1) the angular size of the light source as seen
by a dust grain; (2) the scattering pattern (i.e., ‘phase
function’) vs. scattering angle for individual dust grains;
and (3) the angular size of the dust region as seen from
the donor star. These three angular components would
be convolved together. The first of these is just a few
degrees due to the small size of the donor. The second
component is given approximately from Mie scattering
theory by ∼ 20◦/s where s is the grain size in µm. For
5–10 µm particles, this angle is only 2 − 4◦. Finally,
the size of the whole dust cloud is essentially 60◦ across,
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Fig. 9.— The presence of Si and Cr are indicators of chemical peculiarity in A and B stars. We compare the spectrum of MWC 882
against the TRES spectrum of a known chemically peculiar Bp star enriched in Sr, Cr, and Si (identified from the catalog compiled by
Renson & Manfroid 2009). Chemical enhancement in Cr is seen in the accretor star but Si is enhanced in both the donor and accretor. In
contrast, the 4077 A˚ Sr II lines are weak in both the donor and accretor. We therefore classify the donor star as a B9p Si star, and the
accretor as an A0p Si Cr star. The spectrum of the known Bp star is plotted in green, with the specific lines labelled. The spectrum of
MWC 882 is plotted in grey. The expected wavelength of the lines of interest are labelled by the orange vertical mark for the accretor, and
blue for the donor.
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Fig. 10.— A class of chemically peculiar A and B stars are enriched in Hg, Mn, and Y. We compare the spectrum of MWC 882 against
the TRES spectrum of a B9p Hg Mn star from Renson & Manfroid (2009). We see no enhancements in Hg and Mn in either the accretor or
donor stars. The spectrum of the known Bp star is plotted in green, with the specific lines labelled. The spectrum of MWC 882 is plotted
in grey. The expected wavelength of the lines of interest are labelled by the orange vertical mark for the accretor, and blue for the donor.
and which dominates the system scattering pattern. As
such, at orbital phase φ, the magnitude of the forward
scattering effect is roughly proportional to the length of
the chord through the disk at each angle φ:
B(φ) ∝
√
(Rdisk/a)
2 − sin2 φ . (1)
Figure 16 demonstrates the effect of forward scattering
on a non-flared disk occultation model. The disk is cho-
sen to be 60R wide, inclined to our line of sight at an
angle of 1.5◦ with an intrinsic width of 0.5R. In this
demonstration, the magnitude of the scattering effect is
arbitrarily normalized to replicate the central brighten-
ing seen in the photometry.
5. SYSTEM EVOLUTION
We propose that MWC 882 is a post-Algol binary sys-
tem. Although there are a number of different configu-
rations for the progenitor binary that could have evolved
to match the currently observed system, we believe that
the progenitor binary likely consisted of a 3.6 M pri-
mary (the donor star) and a 2.1 M secondary star
(accretor) with an orbital period of about 7.05 days.
Some of the difficulties in determining the properties of
the progenitor binary are related to: (i) uncertainties
in the physics describing the amount of mass lost from
the binary as it evolves; and, (ii) the magnitude of or-
bital angular momentum loss due to systemic mass loss,
stellar winds, and tidal friction (Eggleton 2000). It is
very difficult to quantify these phenomena but previous
theoretical calculations based on reasonable physical as-
sumptions have matched the properties of many observed
post-Algol systems (e.g. Batten 1989b, and references
therein). Moreover, the uncertainties can be parameter-
ized and constrained within certain physical limits (e.g.
Eggleton 2000).
According to our favored scenario, a 3.6 M primary
evolves off of the Main Sequence and burns sufficient hy-
drogen to form a 0.35 M helium ash core that is sur-
rounded by a thin hydrogen-burning shell just as it first
begins to overflow its Roche lobe. At this point (see Fig-
ure 17) the luminosity of the donor is about 230 L and
its radius is ∼ 10 R. Mass transfer from the donor
star to the 2.1 M accreting companion proceeds sta-
bly as the donor evolves up the RGB24. Mass-loss rates
from the donor can approach 10−5.5 M/yr because of
its short nuclear time scale and because of angular mo-
mentum carried away by the (systemic) mass-loss from
the binary. After the donor has lost about 85% of its
mass, it is largely composed of a compact, degenerate
helium core with a mass of approximately 0.5 M, and
a very tenuous envelope composed mostly of hydrogen
24 Mass transfer that occurs after a helium ash core has formed
inside the donor star is known as Case B evolution (see e.g. De
Greve et al. 1985)
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Fig. 11.— Spectral signatures of accretion are seen in the spectrum of the primary star, including the wings of the Hβ and Hα lines in
emission, and the inverted P-Cygni profile of the CaT lines. The out-of-occultation, continuum subtracted, averaged line profiles are shown
in the top panels, and the temporal variations are shown on the bottom panels.
that has a mass of approximately 0.05 M and extends
over a cross-sectional radius of 25 R. Continued mass
loss cannot be sustained, as this causes this envelope to
collapse once a certain threshold in pressure is reached
due to the ever decreasing gas densities in the envelope.
Thus the donor contracts within its Roche lobe on its
thermal (Kelvin-Helmholtz) timescale with the concomi-
tant cessation of mass transfer (see Nelson et al. 2004,
and references therein for a detailed discussion).
Once mass transfer stops, nuclear burning near the sur-
face of the helium core persists for several million years.
This causes the surface luminosity to remain high (more
than 100 L) and approximately constant during this
phase. As a result, the effective temperature continues
to rise as the donor star evolves thermally. We find that
the donor star evolves through this post-RGB “horizontal
branch” phase for approximately 0.35 Myr before attain-
ing a surface temperature and luminosity close to what
are inferred for MWC 882. At this juncture the donor has
a mass of 0.495M and a luminosity of approximately
300L. The orbital period of the binary is 72.4 days and
the mass of the companion is 3.03M.
In order to reproduce the observed properties of MWC
882 a grid of models was computed using the MESA stel-
lar evolution code (Paxton et al. 2011, 2015). The evo-
lution of the donor star was followed according to the
Roche lobe overflow model. The evolution of the ac-
cretor was calculated simultaneously, and the computa-
tion was stopped after the accretor evolved to become
a giant, thereby filling its Roche lobe and leading to a
‘mass-transfer reversal’. The chemical composition of the
progenitor binary was assumed to be solar (Z=0.02) and
magnetic braking was assumed to operate in low-mass
stars (. 1.5 M) with convective envelopes and radia-
tive cores.
Although highly uncertain, we set the systemic mass-
loss and angular momentum-loss parameters such that
α=0.4, β=0.3, γ=0, and δ=0 (for details see Tauris &
van den Heuvel 2006). Here, α and β are fractions of
the mass lost by the donor star that get ejected from the
binary and carry away the specific angular momentum of
the donor star and accreting star, respectively. γ and δ
are parameters that are associated with a circumbinary
disk and are not used here. Note that these values imply
that: (i) mass-transfer is quite non-conservative with an
accretion efficiency of 30% (i.e., with 70% of the mass
being lost via a fast Jeans’ ejection); and, (ii) none of
the mass lost from the binary forms a circumbinary torus
that can extract additional orbital angular momentum.
It is important to note that the track presented in Fig-
ure 17 is only one of several possible tracks that could
reproduce the observed properties of the system. This
implies that the properties of the progenitor binary (e.g.,
the initial masses and separation) and the physics of sys-
temic mass and angular-momentum loss (e.g., α and β)
do not have to be fine-tuned in order to match the ob-
servations. This increases the probability that the post-
Algol hypothesis is correct.
The donor star in MWC 882 is currently evolving
through the Slowly Pulsating B-star (‘SPB’) instability
strip25 and will contract further until substantial helium
burning is ignited in its core after ' 3 Myr has elapsed.
During the next ' 50 Myr the donor star resembles a
subwarf B (sdB) star and begins the process of alpha-
capture to produce oxygen in the core. This corresponds
to the loop that is seen in Figure 17 for a temperature
of 29,000K and a luminosity of 25L. After an addi-
tional ' 35 Myr, burning at the center of the donor will
be complete and the chemical composition at the cen-
ter is approximately 68% oxygen and 30% carbon. After
passing through the sdO (subdwarf O star) region of the
HR diagram, the donor reaches its maximum effective
temperature (nuclear burning has been quenched) and
25 However, the internal structure of this star is radically dif-
ferent from SPB stars that are thought to be close to the main
sequence.
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Fig. 13.— A series of absorption lines from gas in the accretion
disk is seen during the occultation. These lines trace out the Ke-
plerian velocity of the disk material being occulted by the donor
star. These disk line velocities are used to constrain the disk occul-
tation geometry. Velocities derived from different spectral features
are marked by their respective circles. The Keplerian velocity from
the best fit disk model is plotted in red.
subsequently enters the degenerate dwarf cooling phase.
During this final phase its radius is approximately con-
stant as it evolves to a completely electron degenerate
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R
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Fig. 14.— The Roche potential of the binary, with masses of
3.24 ± 0.29M and 0.542 ± 0.053M and separation of 114.0 ±
3.1R. Contours of equipotential are marked by the grey lines.
The estimated sizes of the two stars, at 3.09 ± 0.59R for the
accretor and 2.01±0.52R for the donor, are marked by the white
circles. The estimated size of the disk, at 59.9±6.2R derived from
light curve modeling, is marked by the brown circle. The accretion
disk is inferred to be nearly filling the Roche lobe of the accreting
star.
configuration.
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Fig. 15.— We fit the occultation of a toy disk model to the light
curve to derive basic geometric parameters of the system. The
best fit configuration involves a disk with radius of 59.9± 6.2R,
thickness of 0.63 ± 0.21R at the inner edge, and exhibiting a
1.63 ± 0.47◦ flare. The entire system inclined to our line of sight
by 1.87 ± 0.58◦, occulting a donor star of radius 2.01 ± 0.52R.
The eclipse geometry is depicted in the top panel to scale. The
model light curve (orange), along with the K2 light curve (grey)
are plotted on the bottom panel.
We also predict that the accretor will evolve off the
main sequence approximately 300 Myr from now and
fill its Roche lobe—resulting in a ‘mass-transfer reversal’
episode. The orange track in Figure 17 illustrates the fu-
ture evolution of the accretor. At that time, the 3M ac-
cretor will have evolved up the AGB and have a 0.54M
CO core with a thin helium-burning layer surrounding
it. Once mass transfer onto the 0.495M “donor” is ini-
tiated, it will be dynamically unstable with the “donor”
spiraling in towards the center of the accretor (Webbink
1984). This common envelope (CE) phase of evolution
will last for ∼100 to 1000 years, after which the enve-
lope of the accretor will be ejected into the interstel-
lar medium leaving a nascent double-degenerate CO-CO
white dwarf binary of nearly equal mass in a tight or-
bit. In order to determine the likely orbital period of the
double-degenerate binary we follow the approach used
by Rappaport et al. (2017c) (see their Eqn. 10) and set
their CE efficiency parameter to 0.5. This implies that
the remnant binary will have an orbital period of about 1
hour and will be composed of a 0.54M CO white dwarf
and a 0.50M CO white dwarf in a nearly circular or-
bit. The merger of these two white dwarfs as a result
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Fig. 16.— Forward scattering through a dusty disk can also re-
produce the central brightening event seen. The red curve shows
a flat disk model without forward scattering or flaring of the disk
walls. The blue model shows a light curve of the same disk occul-
tation, but accounting for significant forward scattering along the
line of sight.
of gravitational radiation losses, which will occur within
40 Myrs of the CE phase, may even result in a Type Ia
supernova if sub-Chandrasekhar mergers are admissible
(van Kerkwijk et al. 2010). Because of the fine-tuning
required, it is more likely that the merger product with
be a very massive single white dwarf such as inferred
for J0317-853 and GD362as (see Ji et al. 2013 for a dis-
cussion of mergers). If the 0.50M white dwarf has a
slightly lower mass than our models predict, it is also
possible that the merger could lead to the creation of an
R CrB star (see, for example, Pandey et al. 2006).
Finally, it is important to note that the current-epoch
donor star will be a member of the predicted population
of subdwarf-B stars in wide binaries around A star accre-
tors while it is in the helium-burning phase of evolution.
Our model produces a very natural evolutionary path-
way that reproduces the properties of members of this
population. Binary population synthesis by Han et al.
(2003) predicts a population of donor stars with masses
sharply peaked at about 0.5M, and with orbital periods
extending up to . 1000 days, from the first stable Roche
lobe overflow channel. The resultant accretors in these
systems can have a wide range of spectral types based on
their masses and degree of nuclear evolution. We could
reasonably expect that most unevolved accretors would
fall within the F to B V spectral classes; the evolved sys-
tems could have much cooler temperatures but are less
likely to be observed because of their relatively short life-
times. They note that most of these systems are probably
beyond the detection thresholds of typical radial velocity
surveys (e.g. Maxted et al. 2001) due to the small orbital
semi-amplitudes of the luminous accretor stars.
5.1. Why is the disk still around?
In the scenario outlined above, active mass transfer
ended ∼ 0.3 Myr ago when the donor star evolved off the
RGB, and under-filled its Roche lobe. The occultation
we observe, however, indicates that a substantial disk of
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Fig. 17.— Self consistent binary evolution tracks for the MWC 882 system. The evolution of both stars along the HR diagram is plotted
on the top panel. The observed luminosity and temperature of the donor (blue) and accretor star (orange) are marked by the 1σ and 3σ
error ellipses with the dashed lines, the evolution tracks are marked by the solid lines. The original system is composed of a 3.6 M donor
star and a 2.1 M companion in a orbit 7.05 day period orbit. The donor star (blue track) evolved off the main sequence and filled its
Roche lobe when it had formed a 0.35 M helium core. The mass transfer episode lasts for ∼3 Myr. Today, we observe the system about
0.3 Myr after the mass transfer episode ceased and with the donor star contracting along a nearly horizontal track. The accretor’s mass
has increased to about 3 M. The width of the evolution tracks corresponds to the mass of the stars, while the density of points mark the
time spent in the evolution state. The accretor’s future evolution track is plotted in orange. The track begins at its current state as a 3M
star, and follows the accretor as it evolves through the red-giant branch and the asymptotic-giant branch phases. The bottom panels
show the mass and period evolution of the system during the mass transfer episode along the RGB branch. The horizontal axis shows the
time since the start of Roche lobe overflow. The width of the line corresponds to the mass of the donor star (as described above). The
current masses and periods are labelled by the horizontal lines.
size 59.9± 6.2R still remains around the accretor. We
explore a few simple arguments for the lifetimes of gas
and dusty disks below, to show that without the disk
being actively fed, it is difficult for the disk to remain in
its current state.
To estimate the lifetime of a gaseous disk, we adopt
the Shakura & Sunyaev (1973) α-disk model for an ap-
proximation of the disk filling timescale τfill:
τfill =
Mdisk
M˙
' 240
( α
0.01
)−4/5( M˙
10−8M/yr
)−3/10(
rmax
60R
)5/4
yr ,
(2)
where M˙ is the accretion rate, and rmax is the outer
radius of the disk, and the parameter α specifies the
efficiency of viscous angular momentum transport in
the disk. Adopting our Hα derived accretion rate of
10−8M yr−1, and an α parameter of 0.01, the disk
should have dissipated in just 200 years. In fact, while
our accretion rate may be somewhat underestimated, it
needs to be smaller by 10 orders of magnitude to achieve
a disk lifetime of 0.2 Myr. Alternatively, α would have
to be 2× 10−6 for the disk to last for 0.25 Myr. We also
note that for the disk to maintain its current accretion
rate of 1.3 × 10−8M yr−1 over 0.2 Myr, the disk needs
to be more massive than 0.003M. However, given that
the currently inferred accretion rate is similar in mag-
nitude to the theoretically expected mass transfer rate
during the Roche-lobe-filling phase, it would be difficult
to build up such a massive disk.
We can also explore the possibility that the disk con-
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tains significant dust. Dust particles in the disk are sub-
jected to the Poynting-Robertson drag, by which dust
grains lose orbital angular momentum. This results from
the fact that in the rest frame of the dust there is a small
component of the momentum flux of the photons that
is in the direction opposed to the orbital motion. Fig-
ure 18 shows the expected orbital decay timescales from
Poynting-Robertson drag on dust particles in the disk
at 49R, for dust having different imaginary indices of
refraction k. As can be seen from Figure 18, such dust
particles have orbital lifetimes of no more than ∼1000
years, insufficient to sustain the disk in its current state.
Furthermore, most dust particles smaller than ∼10 µm
have ratios of radiation-pressure forces to gravity & 0.5
and therefore they become unbound from the system on
a dynamical timescale.
Fig. 18.— A dusty disk is subjected to Poynting-Robertson or-
bital decay if the dust is relatively optically thin. We plot the
orbital decay timescale for dust particles of various grain sizes
and imaginary refraction indices k when placed in an 49R orbit
around the accretor. These P-R timescales have been computed
using only the dust absorption cross sections, thereby providing an
upper limit to the orbital decay timescales. Dust particles smaller
than 100µm experience decay on time scales no more than ∼ 103
years, and are not sufficient in sustaining the disk seen around
MWC 882 today. The vertical line at 10 µm indicates the divid-
ing line where, for smaller particles, radiation pressure forces will
directly unbind them from the system.
6. SUMMARY
MWC 882 is a post-Algol binary with a B7 post-RGB
donor star that, until ∼ 0.3 Myr ago, was transferring
mass to its A0 companion. The donor star, now pushed
outward to an orbital separation of 114.0 ± 3.1R, is
occulted by the remnant accretion disk around the ac-
cretor once every 72 days. The occultations were ob-
served during Campaign 11 of the K2 mission, and subse-
quently identified in pre-discovery light curves from the
ASAS and ASAS-SN surveys. The dynamical masses
of the system were measured to be 3.24 ± 0.29M and
0.542±0.053M. The strengths of temperature sensitive
lines yielded a spectral type estimate of A0 for the accre-
tor and B7 for the donor star, with the two stars exhibit-
ing approximately equal luminosities. We estimate, via
isochrone fitting and light curve modeling that the radii
of the two stars are 3.09± 0.59R and 2.01± 0.52R.
We coordinated a campaign of multi-band photometric
and spectroscopic observations over the occultation event
centered on September 2017. Our eclipse light curves
agreed well with those observed by K2 and pre-discovery
surveys. The eclipse was found to be colorless to within
detection limits. We obtained a series of spectroscopic
observations over the second half of the eclipse, and de-
tected a series of absorption lines from the disk around
the accretor, reminiscent of those seen during the eclipse
of  Aurigae (e.g. Chadima et al. 2011; Strassmeier et al.
2014). We used a toy disk model to simultaneously fit
for the photometric and spectroscopic eclipses, finding a
disk 59.9±6.2R in radius. The central brightening seen
during eclipse is explained by including a flaring geome-
try to the disk, such that a smaller area of the donor star
is covered during mid-eclipse, or by a dusty disk induc-
ing significant forward scattering along the line of sight
(similar to the disk model of  Aurigae from Budaj 2011).
Our interpretation of the system cannot account for the
persistence of the accretion disk. We expect the donor
star to have begun contraction ∼ 0.3 Myr ago, terminat-
ing mass transfer, while the disk is nominally expected
to survive for only hundreds of years without active feed-
ing, regardless of its dust to gas composition. We suggest
future observations could search for signatures of active
mass transfer in the system. Full spectroscopic cover-
age of the orbital phase can reconstruct a Doppler to-
mographic image of the inner disk (e.g. Marsh & Horne
1988), and help map out the ongoing accretion mechan-
ics. Sporadic hot spots in the disk are also signs of mass
transfer, and may be identified by frequent monitoring
of the system at all phases. In particular, higher signal-
to-noise spectra during the eclipse, covering ingress and
egress, can help us constrain the optical depths at the
edges of the disk, and allow us to resolve degeneracies
that plague the light curve modeling. The disk of 
Aurigae is thought to consist of large dust grains (e.g.
Hoard et al. 2010), which may help extend the disk life-
time. Similar mid- and far-infrared observations of MWC
882 may constrain the disk gas to dust ratio, and help
better understand why the disk is still present. Contin-
uous spectroscopic and spectro-polarimetric monitoring
of the system over the rotation period of the inner disk
and the stars may reveal connections between accretion
and the chemical peculiarity of the stars. Ap/Bp stars
are known to exhibit strong magnetic fields, spots, and
inhomogeneities in the abundances across their surfaces
(e.g. Kochukhov et al. 2004; Kochukhov & Wade 2010).
We can search for links between the inner disk structure
and the potential spot distribution in the stars of MWC
882.
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